Due to the enduring organ shortage, living donor liver transplantation has been a valuable treatment strategy for advanced liver disease patients for over 20 years. A variety of reviews have summarized the extensive data now available on medical and psychosocial risks to living donors in the aftermath of donation. However, evidence on donor medical and psychosocial outcomes beyond the first year postdonation has not been synthesized in any previous review. The evidence base on such "long-term" outcomes has been growing in recent years. A review of this evidence would therefore be timely and could serve as an important resource to assist transplant centers in their efforts to fully educate prospective donors and gain informed consent, as well as develop appropriate postdonation clinical care and surveillance plans. We reviewed recent literature on long-term donor outcomes, considering (a) medical outcomes, including mortality risk, rates of complications, abnormalities detected in laboratory testing, and the progress of liver regeneration; and (b) donorreported psychosocial outcomes reflecting physical, emotional, and interpersonal/socioeconomic wellbeing, as well as overall health-related quality of life. We summarize limitations and gaps in available evidence, and we provide recommendations for future research and clinical care activities focused on long-term outcomes in liver donors.
Due to the enduring organ shortage, living donor liver transplantation has been a valuable treatment strategy for advanced liver disease patients for over 20 years. A variety of reviews have summarized the extensive data now available on medical and psychosocial risks to living donors in the aftermath of donation. However, evidence on donor medical and psychosocial outcomes beyond the first year postdonation has not been synthesized in any previous review. The evidence base on such "long-term" outcomes has been growing in recent years. A review of this evidence would therefore be timely and could serve as an important resource to assist transplant centers in their efforts to fully educate prospective donors and gain informed consent, as well as develop appropriate postdonation clinical care and surveillance plans. We reviewed recent literature on long-term donor outcomes, considering (a) medical outcomes, including mortality risk, rates of complications, abnormalities detected in laboratory testing, and the progress of liver regeneration; and (b) donorreported psychosocial outcomes reflecting physical, emotional, and interpersonal/socioeconomic wellbeing, as well as overall health-related quality of life. We summarize limitations and gaps in available evidence, and we provide recommendations for future research and clinical care activities focused on long-term outcomes in liver donors.
Introduction
Living liver donation presents significantly greater risks to donors than kidney donation, the most prevalent type of living organ donation. A sizable research literature documents the likelihood of medical and psychosocial decrements perioperatively and during the remainder of the first year after liver donation. However, whereas living kidney donor outcomes have been charted even decades postdonation, evidence on long-term liver donor risk and safety issues is very slim and has appeared in the literature only within the past 5-6 years. Living donor liver transplantation (LDLT) has been utilized as a treatment strategy for advanced liver disease patients for over 20 years. Thus, the opportunity-and obligation-now exist to examine long-term outcomes in liver donors with the same rigor and intensity as in kidney donors.
Moreover, in contrast to numerous reviews of liver donors' short-term outcomes (1) (2) (3) (4) (5) (6) (7) (8) (9) , there has been no review or synthesis of even the limited data available on long-term outcomes. Absent such a synthesis, transplant centers are likely to struggle to include adequate longterm risk information in the education and informed consent process for prospective donors. There is evidence that liver donors want more such information. For example, Castedal et al (10) report that, while 85-94% of liver donors were highly satisfied with predonation information about perioperative risks and short-term complications, only 53% felt well-informed about potential long-term complications and 47% reported that they had little to no information about long-term issues. Furthermore, studies of donors predonation and in the early years postdonation note that up to 50% worry about permanent and long-term health effects of donation (11) (12) (13) .
Our goal, therefore, was to review recent literature on long-term medical and psychosocial outcomes in liver donors and, for this purpose, we defined "long-term" as beyond the first year postdonation. Although even 2 or 3 years postdonation may seem relatively short-term, the dearth of literature beyond 1 year and the lack of previous integrative reviews make this a meaningful starting point. Because long-term evidence must be considered in context, we briefly summarize findings on short-term outcomes. We then review long-term findings, focusing on studies published in 2010 (when longterm studies first appeared) or later. We conclude with recommendations regarding a research and clinical care agenda for considering long-term outcomes in the future.
Summary of Short-Term Outcomes: The Focus on Safety
LDLT helps to address the critical and growing gap between need versus availability of organs. Despite the organ shortage, however, it is well-recognized that living donor safety comes first. Highly publicized cases of liver donor deaths have sharpened this focus even further. As summarized in recent reviews (2, 6, 7, 9) , major efforts to minimize donor risks have been undertaken through refinement of surgical techniques and development of international medical and ethical guidelines for donor selection and management (14) (15) (16) . In the United States, safety concerns have prompted the development of policies and practice requirements focused on donor informed consent, medical and psychosocial evaluation, and postdonation clinical surveillance and reporting (2, 17) .
The drive to maximize safety has also spurred a significant research literature. Table 1 summarizes key findings. Estimates of donor mortality and complication rates have converged across studies (3, 6, 9, (18) (19) (20) , and an international survey reported rates of near-miss events (19) . Consistent findings of persistently low platelet counts have been interpreted as reflecting mild portal hypertension contributing to splenomegaly; portal hypertension may be related to reduction in overall hepatic mass (9) . However, the speed and degree of liver regeneration have been judged as within safe limits (21) .
With regard to psychosocial outcomes, reviews document consistent findings, as noted in Table 1 (1, 5, 8) . In general, donors do not regret having donated. Generic, non-donation-specific health-related quality of life (HRQOL) in donors is high. However, when they are asked more specifically about psychosocial outcomes that they perceive are linked to the donation experience, many report at least some physical, emotional, and social/socioeconomic difficulties. The fact that such problems are reported even by donors with high general HRQOL may be explained by an insensitivity of generic HRQOL measures to the specific donation-related outcomes that donors experience (1,5). (3, 19) , but risk is higher (40%) after adult-to-adult (primarily right lobe) LDLT (9, 20) 1% risk of near-miss events (i.e. potentially life-threatening events that have no long-term sequelae) (19) Early postoperative laboratory abnormalities in liver function and other values normalize within the first year postdonation, with the exception of low platelet counts (9) Regeneration of the liver remnant is initially rapid and is almost complete by 1 year postdonation (21) Psychosocial outcomes
Most donors (>90%) express no regret at having donated (1, 5, 8) Generic, non-donation-specific health-related quality of life (HRQOL) levels meet or exceed that of the general population (5) Donation-specific measures of psychosocial well-being indicate that significant percentages of donors report at least some difficulties (1, 5, 8) , including the following:
○ Up to one third of donors report lingering physical symptoms ○ Approximately one quarter report clinically significant symptoms of depression or anxiety that may have been provoked or exacerbated by donation ○ Most donors report that their relationship with the transplant recipient is unchanged or improved postdonation, but up to one quarter report strained family, social, or work relationships ○ At least one quarter to one third report significant financial burdens associated with donation including, for example, lost wages and unreimbursed expenses LDLT, living donor liver transplantation.
Long-Term Outcomes

Medical outcomes
The major areas considered to date include mortality, complications, liver remnant regeneration, and laboratory test findings. The eight relevant studies are summarized in terms of methodologies and domains assessed in Table 2 .
Mortality
Muzaale et al (18) , in the first comprehensive analysis of long-term mortality risk, found that cumulative mortality in a U.S. national cohort of living liver donors was similar to that in national samples of living kidney donors and healthy community residents at 2 years postdonation (0.3%, 0.2%, 0.3% for the three groups, respectively), 5 years (0.4%, 0.4%, 0.4%), 9 years (0.9%, 1.0%, 0.8%), and 11 years (1.2%, 1.2%, 1.4%). Risk did not vary by type of graft donated. These findings suggest no decrease in longevity in the first decade after liver donation.
It has been argued, however, that this conclusion may be premature (22) . For example, because living liver donors are highly screened before donation and thus likely to be healthier than the community resident group, their mortality rates would be expected to be lower than this comparison group. The lack of between-group differences could therefore indicate poorer donor outcomes. Muzaale et al note that kidney donors may comprise the more appropriate comparator because they are also highly screened. However, kidney and liver donors differ in other ways, and they suggest that an ideal comparator might be individuals approved for liver donation but who do not donate for reasons unrelated to health. However, a representative sample of such individuals would be difficult to identify. Despite limitations, the Muzaale et al data serve as the current standard for estimating longterm donor mortality (22) .
Complications
The distribution of complications beyond the first year postdonation has been examined in two reports, both of which focused on right lobe donors and found complication rates of 40% in the first year postdonation (20, 23) . Adcock et al (23) found rates of 1.3% in the second year, 1.0% in the third through fifth years, and 0% in donors with >5 years of follow-up in their single-site study. There were no donor deaths and only three complications beyond 1 year postdonation: two at Clavien Grades I to II (keloid; small bowel obstruction), and one at Grade III (incisional hernia).
In the Adult to Adult Living Donor Liver Transplantation Cohort Study (A2ALL), involving a cohort from nine sites with up to 10 years of follow-up, 6% of donors first experienced complications at ≥1 year postdonation (20) . Hernia, bowel obstruction, and psychological complications were the most common long-term complications and developed even 5 years or more postdonation. Moreover, these same types of complications took longer to resolve. Thus, while 95% of all complications resolved within 1 year of onset, only 75% of hernias and 42% of psychological complications resolved within 1 year. Two of three deaths in the cohort occurred >1 year postdonation and were due to psychological complications (one drug overdose; one suicide). Although potential risk factors for complications were examined, these analyses did not distinguish between short-and longterm complications. Nevertheless, for hernia (in which over half of cases developed in the long-term years), significant risk factors included male gender, older age, and higher BMI at donation.
Despite the importance of the A2ALL findings, these data have limitations. For example, few A2ALL donors had follow-up >6 years (24); it is unknown whether additional complications may develop later. In addition, after the first year or so postdonation, many donors may have sought care at facilities other than the transplant center. Thus, long-term complication rates may have been underestimated. While Adcock et al had high follow-up rates, thus reducing the ascertainment issues, their total follow-up period was shorter (7-year maximum), with few donors having >5 years of follow-up.
Liver remnant regeneration
Three single-site reports compare predonation MRI or computed tomography scans with postdonation scans from up to 12 years postdonation in order to examine liver volume regeneration (10, 25, 26) . One report included serial assessments postdonation, and findings show that volume regeneration continues beyond the first year postdonation (25) ; this report showed that ultimately the regenerated liver volumes in the vast majority of assessments were indistinguishable from preoperative volumes. The two additional long-term cross-sectional follow-up studies also found little to no pre-versus postdonation mean differences in total volumes (10, 26) . No differences were noted in late-term total volume as a function of type of graft donated (10, 25) . However, samples in the studies were relatively small (Table 2) , limiting any ability to identify graft-related differences.
Aside from volume, an unanswered question concerns whether component parts of the liver regenerate in the same proportions present before resection (27) . This issue may be particularly pertinent for interpreting other health-related changes observed in donors and, therefore, for gauging long-term risks associated with donation, as discussed further below.
Laboratory tests
Beyond the first year postdonation several reports have shown that, while liver function and other laboratory tests are largely normal in liver donors, mean platelet counts in donor samples assessed either cross-sectionally or Some studies also assessed generic health-related quality of life; these findings are summarized in Figure 1 .
2 All studies were single-site except Dew et al (36) and DiMartini et al (37) , which each included nine sites. Both reports describe data from the Adult to Adult Living Donor Transplantation Cohort study but assess independent cohorts. monitored longitudinally are lower than predonation levels (26, 28, 29) . Approximately 10% of A2ALL donors were found to have platelet counts <150 9 1000/mm 3 at 2-3 years postdonation (28); other studies' findings are similar across follow-up periods of up to 11 years (26,29).
We noted above that speculation about the etiology of the low platelet count centers around inadequate liver regeneration, leading to elevated portal pressure that contributes to splenomegaly (9, 28, 29) . Yet the long-term studies (10, 25, 26) suggest that regeneration, as measured by volume, would likely have been complete by the longterm time points when platelet counts were assessed. Not only does this emphasize the need to better understand the composition of the regenerated liver (and, namely, the nature of the regeneration of the portal venous complex) (27) , but also it is unknown whether any increase in portal pressure (and whether any increase is sustained) increases risk for future hepatic fibrosis (9, 28) .
Psychosocial outcomes
Donation-related outcomes: Eleven recent studies (10, 26, (30) (31) (32) (33) (34) (35) (36) (37) (38) focused on donors' long-term perceptions of how donation affected their well-being. Although additional reports have included some donors who were >1 year postdonation, their samples were primarily donors who were early postdonation and/or no specific long-term outcomes were presented. Table 3 summarizes the methodologies of the 11 studies and domains assessed. Generally donors were 4-7 years postdonation at assessment.
Overall views about donation: Similar to findings for donors assessed earlier postdonation, the long-term studies find that most donors (76%-92%) express positive overall views about having donated (10, 31, 33, 36, 38) . Most have no regrets (96%-100%) (10, 33, 34) , and were comfortable with and/or would make the same decision to donate again (85-100%) (10, 26, 31, 33, 36, 38) .
Physical health symptoms and health concerns: In most studies, well over half of all donors (up to 75%) report ongoing symptoms and/or donation-related health problems (10, 31, (33) (34) (35) (36) 38) . Studies are consistent in the types of problems reported: the most common are gastrointestinal issues (including heartburn, nausea, fat and food intolerances, chronic diarrhea); general abdominal discomfort and muscle weakness leading to daily activity impairments; incisional pain and discomfort; and incisional hernias (10, 31, (34) (35) (36) 38) . One report on the impact of incisional scaring (32) found that up to 62% of donors had enduring pain, numbness, or discomfort, with 30% reporting that these issues interfered with activities of daily living.
Regarding general concerns, although most donors (97%) report that they are almost or fully recovered from surgery, up to one quarter judge their health to be worse than before donation or are worried about their current health (34, 36, 38) . From 31% to 44% worry about their future health (33, 34, 36) .
Emotional distress and well-being: Rates of donorreported clinically significant depressive symptoms range from 4% to 22% (10, 31, 35, 38) , with as many as half of the cases having no predonation depression history (38) . As noted earlier, in the A2ALL cohort, two deaths beyond 1 year resulted from psychological complications (20) .
Two reports examined change in average depression and anxiety levels from predonation to >1 year postdonation (30, 35) . In both studies, depression levels were low, stable over time, and were similar to comparison groups and/or normative levels. However, anxiety levels significantly decreased, and were similar to or better than comparison groups' levels at final assessment.
In terms of donation-related psychological benefits, from 14% to 31% of donors report improved self-esteem (31, 38) and 65% reported feeling general benefit (26) . A2ALL study donors were, on average, at least as likely as previously studied living donor cohorts to feel that they were "better persons" for having donated, and they reported levels of personal psychological growth from the donation experience similar to growth levels experienced by populations experiencing other types of life stressors (36) .
Interpersonal and socioeconomic concerns: Concerning interpersonal issues, donor relationships with family or the recipient are only rarely worse postdonation (0-7%), with 26% to 56% of donors reporting improved relationships (26, 37) . Two studies examined interpersonal concerns related to surgical scarring and body image, with one noting that one quarter of donors experienced worsened body image (26) , and the other noting discomfort in about two thirds of donors in exposing the scar in daily life (e.g. in public spas) (32).
Among socioeconomic issues, studies find a wide range of employment rates postdonation (48-95%) (10, 26, 34, 38) , but donors generally do not attribute any unemployment or career path changes to donation (10, 33, 34, (36) (37) (38) . From 55% to 65% of donors incurred out-of-pocket costs (26, 36, 37 ) and 15-37% report financial strains due to donation (33, 36, 37) . Castedal et al (10) noted that 32% received only partial, if any, reimbursement for lost income. Problems obtaining or keeping insurances (health and/or life) are reported by 3% to 11% of donors (26, 31, 36, 37) .
Risk factors for poor psychosocial outcomes: Risk factors have received limited consideration. A key difficulty is that psychosocial outcomes span multiple domains, making it difficult to arrive at either an overall picture of donors with better versus poorer outcomes, or who is at risk for poorer outcomes. Furthermore, most samples are small, precluding multivariable risk factor analysis. In the largest cohort to date, Dew et al (36) used a multivariable exploratory technique to identify distinct donor groups based on their responses across psychosocial domains. They identified one donor group (15% of the sample) with high psychological benefit from donation and low levels of physical health problems or socioeconomic problems. In the remaining four identified groups, donors showed less favorable profiles. For example, one group (31% of the sample) included donors who were the most likely to have physical health and socioeconomic problems and who showed the lowest psychological benefit. From a large set of potential risk factors encompassing donor demographics, clinical characteristics, and recipient vital status, only three factors emerged as important: men, non-Hispanic white donors, and younger donors were most likely to fall into the groups that had the less-than-optimal combinations of psychological benefit versus physical and socioeconomic problems.
Generic
HRQOL outcomes: Eight publications, reflecting seven independent studies, assessed donors' long-term non-donation-specific HRQOL (30, (34) (35) (36) (38) (39) (40) (41) . All used the Short Form-36 (SF-36). Additional study characteristics are included in Figure 1 .
Average HRQOL levels: Figure 1 displays findings for donors' average scores on the two key SF-36 summary variables. Relative to country-specific norms, these reports consistently show that general HRQOL is, on average, high in the long-term and exceeds normative levels.
Two reports also compared their samples' average HRQOL levels to other community-based comparison populations (35, 36) and found few to no clinically meaningful differences. Two studies reporting prospective data (35, 39) noted that SF-36 Physical Component Summary (PCS) scores declined in the early months postdonation, but scores then rebounded. Mental Component Summary (MCS) scores were stable over time in both studies. Norm, 50 Togashi et al (39) and Ladner et al (41) do not report sample size by graft type donated; for Takada et al (40) , there were 367 left lobe and 211 right lobe donors. For all remaining studies, see Table 3 for information on sample distribution by graft type donated.
c Number of donors with any SF-36 follow-up data between 3 months and 11 years postdonation. The number of donors with data specifically between 2 and 11 years postdonation is not reported. Risk factors for poor HRQOL: Studies have not identified any demographic or clinical risk factors associated with lower long-term PCS scores (34, 35, 39, 40) . In contrast, lower long-term MCS scores are associated with more predonation concerns about donation (34), a longer postdonation hospitalization (36) , and more long-term medical comorbidities in the donor (40) . Only two studies considered differences by type of graft donated, with one reporting poorer HRQOL in right or left lobe donors versus left lateral segment donors (35) , and the second study comparing right and left lobe donors and observing no differences (40).
Conclusions and Recommendations
There is growing international consensus that the longterm impact of living liver donation demands greater Enroll samples of sufficient size so that analyzes are powered to detect clinically significant differences between donors depending on graft donated or on other risk factors. Calculate and report power to detect effects as part of the study design. Move beyond cross-sectional/retrospective studies to perform prospective data collection with serial measurements to determine trajectories of onset and change in medical and psychosocial outcomes. Expand research comparing medical and psychosocial outcomes in donors as a function of graft type (e.g. left lateral segment vs. left lobe vs. right lobe donation). Perform long-term mechanistic studies in order to better understand pathways leading to and influencing observed clinical abnormalities and psychosocial difficulties. Examine whether medical outcomes in the long term are related to or predict the degree of psychosocial difficulties expressed by living donors, including impact on overall HRQOL. Identify predonation and early postdonation risk factors and potential biomarkers for long-term development or persistence of medical complications, abnormalities in liver regeneration, and abnormalities detected in laboratory testing. Identify predonation and early postdonation risk factors for impaired long-term psychosocial outcomes in the domains of physical, emotional, and interpersonal/socioeconomic well-being. Assess donor perceptions of gaps in predonation education and informed consent based on their experiences in the long term since donation. Clinical Predonation Incorporate information on long-term medical and psychosocial outcomes into predonation educational and informed consent discussions with donors. Donation and early postdonation Develop preventive interventions or alternative surgical techniques to avoid development of common long-term medical complications such as incisional hernias. Provide postdonation education that includes strategies to prevent or manage the most common long-term complications and donor-reported symptoms (e.g. gastrointestinal problems and associated limitations in daily life). Augment efforts to assist donors to identify additional financial resources as needed to address unexpected financial burdens arising from donation or its aftermath.
Long-term postdonation
Provide routine clinical follow-up care to donors well beyond the first year postdonation and include assessment not only of medical but also psychosocial parameters. Provide heightened clinical surveillance into the long term for individuals with short-term complications and abnormal laboratory findings.
LDLT, living donor liver transplantation; HRQOL, health-related quality of life. attention in both research and clinical arenas (5, 8, (14) (15) (16) . There have been calls for Western countries to increase the proportion of liver transplants from living donors in order to reduce the organ shortage (42, 43) . This, and the fact that LDLT is already prevalent in Asia and the Middle East because it is the culturally accepted transplant option (44) , together make data collection on long-term outcomes imperative if we are to ethically and responsibly gain donors' informed consent and develop appropriate postdonation clinical surveillance plans.
Several conclusions are suggested by the long-term outcomes research to date. First, long-term mortality and risks of most types of complications appear low, particularly relative to short-term risks. Unlike growing evidence of increased risk for end-stage renal disease in kidney donors (45) , long-term complications resulting in advanced liver disease in liver donors have not been reported, although lack of reporting does not mean that such disease has never occurred. However, the absence of evidence may also reflect the fact that the liver regenerates. Liver regeneration appears complete by several years postdonation, based on volumetric analyses. Donors show some enduring laboratory test abnormalities, principally low platelet counts. They show high general HRQOL and do not regret donation. But donor reports of enduring donation-related physical symptoms, health concerns, psychological distress, and financial burdens are all too common.
Perhaps the most significant gap in the long-term outcomes literature is the lack of data beyond the first decade postdonation. Other priority areas for research, as well as clinical activities that might promote optimal longterm outcomes, are shown in Table 4 . An important limitation in existing research is that data emanate from a small pool of mostly single-site studies. These studies often rely on small samples, and uniformly fail to consider whether power is sufficient to examine effects of interest. Furthermore, psychosocial studies are predominantly cross-sectional, response rates range widely and, while generic HRQOL has been assessed with validated scales, most studies of donation-specific psychosocial concerns rely on unvalidated measures despite the availability of more robust scales to measure the concepts of interest. Detailed examinations of risk factors for poor medical or psychosocial outcomes are rare. In particular, unlike kidney donors, the liver donor population is very heterogeneous in terms of specific graft type donated, and it is known that right lobe donors face higher risks than other liver donors in the short-term. It is important to delineate whether this is also the case in the long-term. Yet type of graft donated is not consistently reported or considered in analyses of medical or psychosocial outcomes. Furthermore, mechanisms accounting for long-term laboratory test abnormalities and donor-reported difficulties remain poorly understood.
With respect to the latter, since only one report adopted a qualitative approach to patient assessment (but did not always distinguish between actual donors and donor candidates who did not donate) (33) , the question arises as to whether the full range of donor concerns have been adequately captured in the long-term literature to date.
These types of limitations in the research base hamper transplant centers' abilities to educate and inform potential living donors during the evaluation process. Postdonation, international guidelines call for clinical follow-up by transplant centers for at least 2 years, preferably longer (15), or even recommend lifelong follow-up (16) . In the United States, the Scientific Registry of Transplant Recipients is conducting a feasibility study to explore whether a living kidney and liver donor registry could be formed to collect long-term follow-up information (46) . Although difficulties in following donors for either research or clinical surveillance and care have been discussed in many forums (14, 24) , such information is critical for understanding-and potentially intervening upon-the risks and potential sequelae of living liver donation. These activities will help to ensure that donor safety continues to come first.
